Introduction
Recently, research on quantum dots (QDs) or semiconducting nanocrystals have attained great attention because of their broad excitation wavelength, tunable emission wavelength, highly luminescent, photostable, potential applications in sensing systems due to their large surface-tovolume ratio, high catalytic efficiency and high surface reaction activity [1] . In addition, QDs can be used in biological applications because they exhibit compatibility to the physiological medium where water soluble QDs have attracted a growing interest in many research area such as biosensor, bioimaging, etc. Development of biosensor based on QDs-enzyme hybrid systems serves two-fold purpose; enzyme immobilization and biosensing based on fluorescence change [2] . Fluorescence emission wavelength can be tuned by modifying the size of QDs particles, and the type of capping molecules, which are responsible for modification of the surface charges for bimolecular coupling [3] . Through the bioconjugation of QDs, hybrid materials have demonstrated both the unique optical properties of QDs and high specificities toward biomolecules, such as oligonucleotides and proteins [4] .
CdSe/ZnS QDs are the most familiar type of QDs that have been developed for biological applications [5] [6] [7] [8] . It has been synthesized at high temperature in organic media and stabilized with hydrophobic capping agents such as trioctyl phosphine oxide (TOPO) and oleic acid. CdSe/ZnS are highly fluorescent in the visible spectrum, and the ZnS shell enhances their chemical and photostability. Since these QDs are not soluble in water, several techniques have been developed to modified the surfaces of the QDs for biological applications in the aqueous environment. One of the most successful method for surface modificatio n is the usage of ligand-exchange reaction to replace TOPO or oleic acid with heterobifunctional ligands such as mercapto-carbonic acids and thiolterminated ligands, in which the mercapto or thiols end binds onto the QDs surface while the carboxyl moiety confers water solubility [4, 10] . Basically, thick shell limits the usefulness of the QDs in biological application because the shell will circumscribe the electron transfer to approach the QDs core. In particular, short-chain mercapto-carbonic ligands provide a better water solubilizing shell around the CdSe/ZnS QDs. These hydrophilic QDs are therefore highly suited for biological applications.
Current methods to replace TOPO or oleic acid with organic ligands have been afflicted with many problems such as diminished quantum yield and poor colloid stability of the QDs in water [11] [12] [13] [14] [15] . As reported previously by Gill et al. (2005) quantum yield reduced by 50% when CdSe/ZnS QDs were functionalized with mercaptopropionic acid [13] . Stsiapura et al. (2006) reported that a two times depreciated in quantum yield when a mixture of mercaptoacetic acid and mercaptosuccinic acids were used as the ligand exchanger [14] . The other problem is poor colloidal stability which means that the nanoparticles have low tendency to stay individually dispersed and come together to form aggregates. When they are used for imaging or labeling, small aggregates of QDs may still complete their function. However, the large formation of QDs aggregates will give some problem and presents a challenge for biological applications and studies. This is due to the particles that are located deep within the aggregates that cannot be approached by energy acceptors to close proximity.
Surface modification of CdSe/ZnS QDs with short-chain mercapto carbonic acids still remains a promising strategy to adapt these QDs for biological applications if the loss of quantum yield and poor colloid stability could be overcome. Wang et al. had prepared MPA-capped QDs directly via a single step preparation of CdSe/ZnS QDs [16] . This new strategy allowed ZnS shell formation and MPA functionalization to be executed simultaneously. In this article, they report that this method preserved the photoluminescence intensity of the core-shell QDs. This finding supports the argument that in ligand-exchange reactions the loss of quantum yield arose from alteration of the CdSe/ZnS structure, and not from the effect of mercapto-carbonic acids or thiol-terminated as capping ligands.
Theoretically, it is possible to eradicate the loss of quantum yield during the ligand-exchange if the appropriate reaction conditions can be found. To make the CdSe/ZnS QDs soluble in water, the ligand-exchange reaction method needs to be improved. Boon et al. [17] reported that free thiols are not capable of binding onto the ZnS surface. So, the mixture must be dehydrogenated at the thiolic sulfur which means that the bound state must be a thiolate.
In this research, we describe the preparation of biocompatible water soluble CdSe/ZnS coreshell QDs that can be used in advance sensing application. Herein, we report the surface modification of CdSe/ZnS with various ligand-exchangers such as L-cysteine, thioglycolic acid (TGA), mercaptopropionic acid (MPA), mercaptosuccinic acid (MSA) and mercaptoundecanoic acid (MUA), respectively.
EXPERIMENTAL Materials and Methods
The starting materials consist of cadmium oxide (CdO), oleic acid, 1-octadecene (ODE), Se and tri-n-octylphosphine (TOP), toluene, hexanes, dimethylzinc (Me 2 Zn), hexamethyldisilathiane [(TMS) 2 S], chloroform, methanol, L-cysteine, thioglycolic acid (TGA), mercaptopropionic acid Advanced Materials Research Vol. 879 185 (MPA), mercaptosuccinic acid (MSA), mercaptoundecanoic acid (MUA), ethanol and phosphate buffer solution (PBS), pH 7. They were directly used without any further purification. The particle size distribution and monodispersity were determined by using Transmission Electron Microscope (TEM). UV-visible absorption spectra were obtained using spectrophotometer.
Synthesis of CdSe/ZnS core-shell QDs
Briefly, oleic acid capped QDs were synthesized by following a standard hot-injection procedure with minor modification [18] . In a typical reaction, 0.16 g CdO, 3.5 ml oleic acid and 10 ml of ODE were mixed in a three-neck flask and heated up to 150 °C under vacuum for 30 min to liquidize the solid powders. N 2 was purged into the flask and heating temperature was increased up to 300 °C to obtain colorless solution. The Se precursor was made by heating 0.1503 g of Se in a mixture of 20 ml of TOP for 5 min. The flask was raised and cooled at room temperature when the color was visibly orange. Small aliquot was taken from flask and dissolved in toulene for absorption and photoluminescence measurement.
Me 2 Zn and (TMS) 2 S were used as Zn and S precursors for the ZnS cap. CdSe solution was made by mixing CdSe powder in a solution containing a 10 ml of toluene, 2.5 ml of chloroform and 2.5 ml of methanol. Shell ZnS was prepared by mixing a 1 ml Me 2 Zn and 1 ml (TMS) 2 S into a solution containing a mixture of 2.6 ml TOP and CdSe solution. The mixture was then reheated to 170 -180 °C for 15 min under vacuum followed by N 2 at the same temperature for 15 min. 2 ml of ZnS solution was added dropwise into the CdSe solution and temperature was reduced and maintained at 90 -100 °C for 1 hour under vigorous stirring. After 5 min, the solution of CdSe/ZnS was cooled at room temperature. Small aliquot of CdSe/ZnS was dissolved in toluene for absorption and photoluminescence measurement.
Modification of CdSe/ZnS-Oleic Acid Core-Shell QDs
Surface ligand exchange of CdSe/ZnS-oleic acid QDs with thiol-terminated ligands made the QDs water soluble in basic aqueous solution. Surface modification of CdSe/ZnS-oleic acid QDs was carried out by dissolving CdSe/ZnS powder in toluene. 1 ml of CdSe/ZnS was mixed with 1 ml of ethanol and the mixture was centrifuged at 3000 rpm. After 15 min, the precipitate was then washed with ethanol and the centrifugation processes were repeated twice. After centrifugation, the precipitated was collected and re-dissolves in toluene. An excess amount of thiol-terminated ligands (L-cysteine, TGA, MPA, MSA or MUA) was added into the QDs solution and sonicated for 30 min. After sonication process, the mixture was kept at room temperature for overnight. Then, the mixture was centrifuged at 5000 rpm for 5 min and wash with ethanol. The supernatant was removed and kept dried under vacuum in desiccator for one hour. The CdSe/ZnS-TGA was re-dissolved in the PBS pH 7.
For fluorescence measurements, the samples were placed in a quartz cuvette, and the emission spectrum of each sample was measured using EFOS Novacure spectrophotometer with mercury light source.
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Advanced Materials Conference (AMC 2012) For PL measurement, usually QDs can be dissolved in many type of non-polar solvent. The oleic acid-capped CdSe/ZnS can be suspended in many non-polar solvents such as chloroform, dichloromethane, toluene and hexane. In this work, the CdSe core QDs was dispersed in hexane solution for the measurement. The PL spectra of the QDs before and after ZnS shell growth was shown in Fig. 1 . As can be seen, the PL peak for CdSe core was at 532.5 nm and full width at half maximum (FWHM) was 28.5 nm which indicated a formation of monodispersed nanocrystals. The PL peak for CdSe/Zns core-shell QDs was at 572.5 nm and the PL intensity was higher for the encapsulation. The wavelength shifts about 40 nm between the core and core/shell. This is due to the reheating of core before encapsulating which increase the diameter of the core. Fig. 2 , shows TEM images of both (a) CdSe core and (b) CdSe/ZnS core-shell QDs which have uniform sizes of 3 to 3.2 nm and 10 to 12 nm, with good colloidal nanocrystals. As shown in Fig. 2(a) , the impurities observed were probably due to surface ligands (oleic acid) or solvents. Fig.  2(b) shows that the size distribution was reasonably uniform and monodisperse. The resulting CdSe/ZnS core-shell QDs were water soluble rendered by replacing the oleic acid organic capping with several hydrophilic ligands (L-cysteine, TGA, MPA, MSA and MUA). Fig. 3 shows the intensities of the CdSe/ZnS-oleic acid capped (as a reference, without modification), CdSe/ZnS-TGA, CdSe/ZnS-MPA, CdSe/ZnS-MSA, CdSe/ZnS-L-histidine, CdSe/ZnS-MUA and CdSe/ZnS-L-cysteine, respectively. This figure shows that the fluorescent intensity of CdSe/ZnS capped with L-histidine, MUA and L-cysteine were decreased compared to pure CdSe/ZnS due to the formation of agglomeration and insolubility when they are re-dissolved in PBS buffer pH 7. However, for the CdSe/ZnS capped with TGA, MPA and MSA shows no signs of agglomeration and they are fully dissolved in PBS buffer pH 7 thus indicating high stability of the aqueous dispersions. CdSe/ZnS capped TGA gives the highest fluorescent intensity compared to others ligands due to the smaller ligand size (TGA<MPA<MSA) which will increased the level of aggregation due to decreased the steric repulsion and thus the mean intensity. This rule is also followed by other researcher as reported by Amit et. al., 2011 [2] . The size of TGA was smallest compared to MPA, MSA, L-histidine, MUA and L-cysteine resulting in highest fluorescence intensity and it was comparable with oleic acid-capped CdSe/ZnS QDs. This result demonstrated that CdSe/ZnS still retained its fluorescence intensity after being modified with TGA. In contrast, It can be concluded that CdSe/ZnS capped with TGA gave the strongest fluorescence emission compared to others. Furthermore, the ligand capping also provide CdSe/ZnS QDs a negative surface
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